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Abstract: The blomlmetlc transalkylatlon of 2-methyl-2-octene 
utlllzlng alkyl sulfon?_um salts 1s dlscussed In terms of the 
structure of the salt and the nature of the alkyl group. 

The methylatlon of oleflns in many llvlng orqanlsms takes place via 

a group of methylases which employ as a cofactor S-adenosylmethlonlne, 
1 SAM, a sulfonlum salt . 

Attemnts to mimic this blochemlcal nrocess in the laboratory have 
2 yielded encouraqlnq results . Thus it was found that, by employing 

methyl sulfonium salts, It was oosslble to transfer a methyl qroup to 

the olefln 2-methyl-2-octene ( a substrate chosen because of its 

structural analogy with the A 24 steroid side chain 1, in overall 

yields which ranged from 5% to 53%. The reactions were performed in 

sealed tubes at 160-175°C and required the oresence of the non-nucleo- 

ohlllc base dl-t-butvloyrldlne as a oroton scavenaer. Dlarylmethyl 

sulfonlum salts proved more effective than other methvlatlng agents 
like dimethyl sulfate, methyl trlfluoromethanesulfonate or trlmethyl- 

oxonlum fluoroborate. The product consisted of a complex mixture of 
mono- and dlmethylated octenes, presumably formed via methyl addltlon 

to the double bond followed by a proton elimination of the intermediate 

carbocation. 
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R = H, n-C12H25 

We have lnvestlgated this reactlon with the hope of IncreasIng the 

yields of methvlatlon. 

It had been observed that a subL?tantlal Increase In the yield of 

methyl_ated nroducts was obtalned when a long alkyl chain was grafted 

onto the para posltlon of one of the rings. We reasoned that,by brlng- 

lnp this slkyl chain closer to the reaction centre, as in compounds (5) 

below, we mlqht be able to Increase the yields of methylatlon,ln agree- 

ment with the observation that nucleoohlllc attack on SAM was facllita- 
3 ted by an active site of low dielectric constant . 

A second alternatlve was the use of other aromatic sulfonlum salts 

which would generate better sulfide leaving groups. This might be attain 

ed by IncreasIng the con)ugatlon of the sulfur atom with the aromatic 
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rings In more rlqld, planar heteroaromatlc compounds. 

Finally, It would be of Interest to exvloit sulfonium salts to 

transfer other alkyl grouts to oleflnlc substrates, hopefully under less 
drastic conditions than those reoulred for the transmethvlatlon nrocess. 
We chose as a candldate for these experiments the more labile dlphenyl 

benzyl sulfonlum fluoroborate, which might act as an olefln benzylating 
agent. 

Results and Discussion: 

A series of dlarylmethyl sulfonium fluoroborates (2) and (5) were 

prepared by reaction of the corresponding sulfides (1) and (4) with trL 
methyloxonlum fluoroborate. Under these condltlons the dlnltro derlva- 

tlve (1, X = NO21 and 
react. 

2,2',4,4'- tetrabromodlphenylsulflde falled to 

la: X = Br 
lb: X = CH3 

CH3TQLs qr’“’ 
R 

4a: R= C2H5 

4b: R= CgH13 
4c: R= C9H19 
4d: R= C12Hz5 

axp 
BF; CH3 

7:x=s 
8:X=0 

2a: X = Br 
2b: X = CH3 

5a: R= C2H5 
5b: R= CSH13 
5c: R= C9H19 
w: R= C12H25 

9: X=0,R'=H,R=CllH23C0 
10: Y=0,R'=H,R=C12H25 
12: X=q,R'=R=OCH3 

CH3QLS JqCH3 
R 

3a: R=CH3C0 
3b: R=C5H11C0 
3c: R=CgH17C0 
M: R=CllH23C0 

Q2T.I. 
BF; &H3 

6 

BF; ;H3 

11:X=0,R'=H,R=C12H25 
13:X=S,R'=R=OCH3 
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In an analogous way, the sulfonium fluoroborates (6) ,(7),(8),(11) 
and (13) were obtained in good yields. 

Benzyldiphenyl sulfonlum fluoroborate (14) was obtained by re- 
actlon of dlphenylsulflde and benzyl bromide In the presence of AgBF4, 
generated In situ by treatment of dry Ag2C03 with HBF4.Et20. 

The reactlons of the methyl sulfonlum fluoroborates with 2-methyl 
2-octene In the presence of dl-t-butylpyrldlne were carried out as des 

2 
- - 

crlbed previously . A mixture of mono- (~a. 80%) and dlmethylated pro 
ducts was obtalned In all cases. The pattern of product dlstrlbution 
was practically the same for all lnvestlgated methyl sulfonlum fluoro- 
borates, reproducing the distrlbutlon previously observed for the re- 
action of that octene with dlphenylmethyl sulfonlum fluoroborate 2 . 
Thus, 2,3-dimethyl-2-octene was always the mayor product, amountlng to 
about 50% of the mixture. The other most abundant monomethylated pro- 
ducts were 2,3-dimethyl-3-octene ( ~.15% of the product mixture) and 
2,3-dImethyl-l-octene 1 about 10% of the mixture ). 

Table 1 gives the total yields of methylated products from salts 
(2) and (5). 

TABLE 1 - Total yield of transmethylatlon of 2-methyl-2-octene 
by methyl sulfonlum fluoroborates (2) and (5). 

Sulfonium Salt (2a) (2b) (5a) (5b) (SC) (5d) 

Yield,% 26,27a 11,15a 24 43 33 42 

a) Two runs performed. 

As can be seen from the table, the more llpophlllc sulfonlum 
salts are more effective as transmethylatlng agents. Thus, compounds 

(5b), (5~) and (Sd), which have longer alkyl chains attached to the 

ring, gave higher yields of methylated oleflns than compound (2b), a 
substrate where these chains are absent. The nosltlon of the chain 1s 
not as important as its size: ortho-substituted diarylsulfonium salts 
(5) are about as effective as their F-substituted Cl2 analogue2 in 
these reactlons. These results probably reflect the higher mlsclblllty 
of the oleflnlc substrate with salts having a C -C 6 12 alkyl side chain. 

By changing the structure of the sulfonlum fluoroborate,we hoped 
to obtain more reactive and effective transalkvlatlng aaents. This 
could be attalned either by changing the nature of the alkyl group to 
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be transferred, or the structure of the sulfide leaving groun. 
The first hypothesis was tested by reacting the benzyl sulfonlum salt 

(14) with 2-methyl-2-octene In the presence of dl-t-butylpyrldlne at 160°C 
for 48 hours. To our dlsappolntment, the analysis by coupled gas chromato- 
graphy-mass spectrometry of the complex mixture of products revealed less 
than 2 % of the supposed transbenzylated oleflns of mass 216. Our Eallure 
was due to the fact that compound (14) was too reactive: when heated at 
90°C it decomposed to a mixture of products that conslsted of dlphenyl sul, 
fide, together with mono- and dlbenzylated derlvatlves of (C6H5)$. This 
Internal Frledel-Crafts alkylatlon was responsible for the low yield of 
presumed oleflnlc transbenzylatlon. 

This negative result showed that transalkylatlons of oleflns by this 
method were possible only with sulfonlum salts which could stand the high 
temoeratures required by the process without appreciable <ecomposltlon. 

The stablllty of the alkyldlaryl sulfonium salts mlqht be a:.soclated 
with the polarity of the 2-alkyl bond. More polarized bonds, where the 
alkyl group, like benzyl, can readily accomodate a positive charge, should 
be more labile znd, accordingly, less effective In olefln transalkylatlon, 
than the S-Me bond. 

This hypothesis was confirmed by the yields reported In Table 2. 

TABLE 2- Tota yields of transmethylatlon of 2-methyl-2-octene 
by various methyl sulfonlum fluoroborates. Correlation 
with the chemical sklfts of the &Me group in CDC13. 

Sulfonium Salt (2b) (6) (7) (8) (11) (13) 

Yield, % 13 12 24 32 35 6 

3.60 3.60 3.30 3.25 3.20 3.20 

The development of charge on the methyl group was estimated by the 
chemical shift of the S-Me group in the o.m.r. snectra of the salts in 

CDC13. It 1s seen that the total yields of transmethylation increase with 
the higher shleldlng of the methyl group. The only exceptlon was compound 

(131, which proved to be a very poor transmethylatlng agent. This was pro 
bably due to the very low misclblllty of this hlqh-melting fluoroborate 
salt !ilth the oleflnlc substrate, a factor which severely decreased the 
blelds of these reactions. 
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A general picture emrrges from the above consideratlons.The cruclal 
point in optlmlzing the process seems to be the comnetitlon of nucleo- 
phlllc species present in the medium for the alkyl group of the sulfonium 
fluoroborate. As shown before 2 , the hlndered ovridlne, which acts as a 
proton scavenger, plays nc role In th>s competition. Reactive alkyldi- 
aryl sulfonlum fluorobnrates, capable of easy dissociation into a dlaryl 
sulfide and a carbocationic species, undergo Internal Friedel-Crafts al- 
kylatlons of the aromatic rings. This is not observed for the less reac- 
tive methyl sulfonlum salts. However, In this case, a competltlon for the 
3 -Me group 1s established between the olefln and the fluoride anlon,orl- 
glnated from the thermal dlssoclatlon of the BF4- counterlon. The harder 
F- nucleophlle is lncreaslngly favored In methyl displacements from less 
llpophlllc salts, or where the S-methyl group 1s more deshlelded and, 
therefore, harder. 

The original goal of these investigations was to improve the yield 
of olefinlc transmethylatlon of this blomlmetlc process. Our results are, 
In this respect, dlsappointlng. However, they contrlbute to a better 
understanding of this interesting process, which represents one of the 

4 few examples of such conversions in the laboratory . The difficulties 
encountered by us can only underllne the remarkable ease and speciflclty 
of the blochemlcal process, which utlllzes, according to our standards , 
an even less reactive trlalkylsulfonlum salt for the same purpose. 

ExperImental: 

Melting points were taken with a B&hi 510 apparatus and were not 
corrected. Ir spectra were recorded on a Perkin-Elmer 599 spectrophoto- 
meter, nmr spectra on a Cameca 250 MHz model, using tetramethylsllane as 
internal standard. Mass spectra were obtained with a R-1010 Nermag spec- 
trometer. Chromatographlc analyses of the products of the transmethyla - 
tlon reactlons were performed on a Glrdel 30 gas chromatograph, equipped 
with a capillary column SE-52 and a Hewlett-Packard integrator. In the 
separation of the products of reactions a Carlo Erba 4200 preparative 
gas chromatograph, with a Chromosorb column AW-DMC5 60-80,and a Analprep 
EC 93 high-pressure llquld chromatograph were also employed. 

The following compounds were prepared by methods reported In the 

literature: 
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4,4'-Dlbromodlphenylsulflde , mp lll°C, llt. 5 112.4OC; 2,2',4,4'- 

tetrabromodlphenylsulflde, mp 72OC, llt. 6 71-73Oc; 4,4'-dlnltrodlphe- 

nylsulflde, mp 159OC, lit. 7 158-161°c ; 4,4'-dlmethyldlphenylsulfide, 

mp 5S°C, lit. 8 56-57OC ; 2-acetyl-4,4'-dimethyldlphenylsulflde (3a), 
mp 118OC, llt. g 119.5-12oOc ; 5-methyldlbenzothlophenium fluoroborate 
(6), mp 148OC, llt. lo 149-151°C ; thlanthrene, mp 157OC, 11t. " 158- 

159OC ; phenoxathlln , mp 55OC, lit. 12 56-57OC; 2-dodecazlphenoxa- ~- 
thlln (91, mp 64-65OC, lit. l4 68-69OC ; 2,3,7,8-tetramethoxythi- 

anthrene (12), mp 174OC, lit. l5 176OC. 

Preparation of 2-Acyl-4,4'-dlmethyldlphenylsulfldes (3). General 

Procedure - To a cooled (OOC) stirred solution of 4,4' -dlmethyldl- 

phenylsulfide (4.3 g, 2 mmol) in the corresponding acyl chloride ( 10 
mm01 ) A1C13 (5.2 g, 4 mm01 ) was added portlonwlse during 2-3 minutes. 
The mixture was then stlrred for further 20-30 minutes at 5-10°C , and 
was then quenched by careful addltlon of cold water (70 ml).The result - 
lng two-phase system was stirred vigorously and heated at 50-60°C for 
l-2 hours, until the excess acyl chorlde had been hydrolysed. It was 
then extracted with ether (100 ml) and washed exhaustively with a 2 M 
NaOH solution, until no more sodium carboxylate was formed, then with 
a 1 M HCl solution, and finally with water. The ethereal extract was 
then dried over CaC12 and the solvent eliminated In a rotary evaporator 
The oily residue was then trlturated with cold methanol, until the 
solld product separated, or was purlfled by flash chromatography on 
silica 60H (Merck). 

In such a way the following acylsulfldes (3) were prepared: 
2-Hexanoyl-4,4'-dimethyldlphenylsulflde (3b) - 74% yield, mp 46- 

48'C (Found C, 76.72; H, 7.88; S, 10.13%. C20H24S0 requires C, 76.92: 
H, 7.96; S, 10.26%). g,,, (nu3ol) 1660, 1180 and 810 cm-'; 6 (CDC13) 
0.9 (3H, m); 1.4 (4H,m); 1.8 (2H,m); 2.35 (3H,s); 2.4 (3H,s);3.0 (2H, 
t,J 7 Hz); 6.9 (lH, d,J 8 Hz); 7.1 (lH, d, J 8 Hz); 7.2 (2H,d, J ~Hz); 
7.4 (ZH,d,J 8 Hz) and 7.6 (lH,s). 

2-Nonanoyl-4,4'dlmethyldlphenylsulflde (3~) - purlfled by flash 
chromatography, pentane as eluent, yield 45%, mp 32-33OC ( from cold 
MeOH) (Found C, 77.88; H, 8.51; S, 8.84%. CZ3HJOS0 requires C, 77.96; 
H, 8.47: S, 9.04%). 3 max(KBr) 2910, 2840, 1670, 1460 and 810 cm-1 ; 
6 (CDC13) 0.9 (3H,m); 1.3 (lOH, ml; 1.8 (2H,m); 2.35(3H,s); 2.4(38, 
s); 3.0 (2H,t,J 7 Hz); 6.9 (lH,d,J 8 Hz); 7.1 (lH,d,J 8 Hz); 7.2 (2H, 
d,J 8 Hz); 7.4 (2H, d,J 8 Hz) and 7.6 (lH,s). 
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2-Dodecanoyl-4,4'-d1methyldlphenylsulf1de (3d) - 66% y1eld,mp 69- 
71°C (from MeOH) ( Found C, 78.93; H, 9.25; S, 8.1O%.C H 
C, 78.79; H, 9.09; S, 8.08%). 3,,x(nUJOl) 1660,810 cm 

2f 36 
SO requrres 

;6 (CDC13) 0.9 
(3H,m); 1.3(16H,m); 1.8(2H,m); 2.35(3H,s); 2.4(3H,s); 3.0 ( 2H, t,J7Hz) 
6.9 (lH,d,J 8 Hz): 7.1 (lH,d,J 8 Hz); 7.2 (ZH,d,J 8 Hz); 7.4(2H,d,J8Hz) 
7.6 (lH,s). 

Reductron of ketones (3) and (9). General Procedure -To a starred 
and cooled ( OoC) suspension of A1C13 (2.6 g, 20 mmol) and LrA1H4 
(0.5 g, ~a 12 mmol) In dry THF (30 ml), a solution of the ketone ( 3.0 
mm01 ) and A1C13 (2.6 g,20 mmol) in dry THF (30 ml) was added dropwlse. 
The mixture was then stirred at 25OC for 30 minutes and then refluxed 
for 6-12 h, until the reaction was over, as shown by thin-layer chroma- 
tography. The excess LrA1H4/A1C13 was then quenched wrth cold water (10 

ml), the resulting mixture poured into 100 ml of a 0.1 N HCl solution , 
and extracted with ether (70 ml). The ethereal layer was washed wrth 
water, dried over CaC12 and rotary-evaporated. The crude product was 
purified by flash-chromatography, using pentane as eluent. 

The followrng sulirdes were prepared In this way: 
2-Ethyl-4,4'-drmethyldlphenylsulflde (4a) --- - colorless o11,95% yield 

(Found C, 79.42; H, 7.47; S, 13.04%. C16H18S requires C, 79.34: H, 7.44: 
S, 13.22%). ;;i max(neat) 2940, 2920, 1490, 1460 and 800 cm-'; 6 (CDC13) 
1.2 (3H,t,J 7 Hz): 2.25( 3H,s) 2.3(3H,s); 2.75(2H,q,J 7Hz) ;7.0-7.2(7H,m) 

2-Hexyl-4,4'-d1methyld1phenylsulfide (4b) -colorless 011, 82% yield 
(Found C, 80.63; H, 8.82; S, 10.55%. C20H26S requires C, 80.54; H, 8.72; 

S, 10.74%). 3,a,(neat) 2940, 2920,2840,1490 and 800 cm-l;6 (CDC13) 0.9 

(3H,m); 1.35(6H,m); 1.5(2H,m); 2.25(3H,s); 2.3( 3H,s); 2.75(2H,t,J 7Hz); 
7.0-7.2(7H,m). 

2-Nonyl-4,4'-d1methyldiphenylsulflde (4~) -colorless 011, 75% yreld 
(Found C, 81.26; H, 9.57: S, 9.21%. C23H32S requires C, 81.18; H, 9.41; 
S, 9.41%). Tmax (neat) 2920, 2840,149O and 800 cm -l; b (CDC13)0.9(3H,m) 
1.35 (12H,m); 1.5 (2H,m); 2.25(3H,s); 2.3(3H,s); 2.75(2H,t,J 7 Hz); 7.0- 
7.2 (7H,m). 

2-Dodecyl-4,4 '-d1methyld1phenylsulfide (4d)-colorless 011,70% yield -- 
(Found C, 81.56; H, 9.93: s, 8.18%. C26H38S requires C, 81.68; H, 9.95: 
S, 8.38%). 3 max(neat) 2920, 2840, 1490 and 800 cm-'; b (CDC13) 0.9(3H, 

m); 1.35(18H,m); 1.5(2H,m); 2.25(3H,s); 2.3(3H,s); 2.75(2H,t,J 7Hz);7.0- 
7.2( 7H,m). 

2-Dodecylphenoxathiin (10) - colorless 011, 86% yield (Found C,78.11 
H,8.67; S,8.50%. C24H320S requires C, 78.26: H,8.70; S, 8.70%). G,,, 
(neat) 2920, 2850, 1460, 1260, 1230 and 750 cm -l; 6 (CDC13) 0.9( 3H,m); 
1.25 (18H,m); 1.4(2H,m); 2.5(2H,t,J 7Hz); 6.9-7.1(7H,m). 
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Preparation of Methylsulfonlum Fluoroborates (21, (51, (71, _---- (81, (11) 
and (13). General Procedure - A suspension of trlmethyloxonium fluoro - 
borate (0.44 g, ca 3 rmnol ) and the sulfide (2 mmol) in CHC13 (50 ml) was - 
refluxed until the latter reagent had been consumed, as shown by t.l.c.(ca - 
10 h). The resultrng solution was then washed with water (50 ml),drled over 
anhydrous CaC12 and evaporated. The crude product was purlfled by dlssolv- 
Ing the residue In acetone and repreclpltatlng with ether. In the case of 
011~ sulfonium salts, the viscous products were dried for 2-3 days under 
vacuum: In many cases, after several days these dry waxy compounds solldl- 
fled. 

The following fluoroborates were prepared In this way: 
Bls(4-bromophenyl)methylsulfonlum fluoroborate (2a) - ----- crystals, mp 

109-lll°C (from acetone/ether), 85% yield (Found C, 34.83 ; H, 2.59 %. 
C13H11Br2BF4S requires C, 34.98; H, 2.47%). ?max(nu301) 1050 and 810 cm -1 

b ((CD3j2CO) 4.0(3H,s); 8.0(4H,d,J 9 Hz); 8.15(4H,d,J 9 Hz). 
Bls(4-methylphenyl)methylsulfonlum fluoroborate (2b)- solld, mp 78- 

81°c, 93% yield (Found C, 57.00; H, 5.41; S, 10.27%. C15H17BF4S requires 
C,56.96; H,5.38; S,10.13%). $max (nu]ol) 1050,920 and 810 cm-'; 6 (CDC13) 
2.3(6H,s); 3.6(3H,s); 7.3(4H,d,J 8Hz); 7.75(4H,d,J ~Hz). 

2-Ethyl-4-methylphenyl-(4-methylphenyl~methylsulfon~~ fluoroborate 

(Sal - solld, mp 110-113°C, 75% yield (Found C, 59.32; H, 6.22: s, 9.11%. 
C17H21BF4S requires C,59.30; H,6.10; S,9.30%). ~,,(nuJol) 1050 cm-l; 6 
(CDC13) 1.7(3H,t,J 7 Hz); 2.4(6H,s); 2.8(2H,q,J 7 Hz); 3.55(3H,s); 7.3(1H, 

s); 7.45(3H,d,J 8 HZ); 7.8(2H,d,J ~Hz); 8.0(1H,d,J 8 HZ). 
2-Hexyl-4-methylphenyl-(4-methylphenylphenyl~methylsulfon~~ fluoroborate 

(5b) - wax, 71% yield (Found C, 62.99: H,7.38; S,8.17%. C21H2gBF4S requires 
C, 63.00; H,7.25; S,8.00%). 3max(nu301) 1050 cm-'; 6 (CDC13) 0.8(3H,m); 
1.2(8H,m); 2.4(6H,s); 2.8(2H,m); 3.55(3H,s); 7.3(1H,s); 7.45(3H,d, J ~Hz); 
7.8(2H,d,J 8Hz); 8.0(1H,d,J 8Hz). 

2-Nonyl-4-methylphenyl(4-methylphenyl~methylsulfon~~ fluoroborate 

(SC) - wax, 66% yield (Found C, 65.06; H,8.10; S,7.40%.C24H35BF4S requires 
C, 65.15; H, 7.92: S,7.24%). ITmax(nu301) 1050 cm-l; t (CDC13) 0.8(3H,m); 
1.2(14H,m); 2.4(6H,s);2.8(2H,m); 3.55(3H,s); 7.3(1H,s); 7.45 (3H,d,J 8Hz); 
7.8(2H,d,J 8 HZ); 8.0(1H,d,J 8Hz). 

2-~decyl-4-methylphenyl-(4-methylphenyl)methylsulfon~~ fluoroborate 
(5d) - wax, 78% yield (Found C,66.90; H,8.41; S,6.43%. C27H41BF4S requires 
c,66.94; ~,8.47; s,6.61%). ~,,,(nu301) 1050 cm-l; & (CDC13)0.8(3H,m); 1.2 

(20H,m); 2.4(6H,s); 2.8(2H,m); 3.55(3H,s); 7.3(1H,s),7.45(3H,d,J ~Hz); 7.8 
(ZH,d,J ~Hz); 8.0(1H,d,J ~Hz). 
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2-Methylthlanthrenium fluoroborate (7) - crystals, mp 188-190°C 
(acetone/ether), 70% yield (Found C,48.89; H,3.28; S,20.05%. C H BF S 13 &$ 4 2 
requires C,49.06; H,3.46; S,20.12%). ij,,x(nu]ol) 1050 and 760 cm ; 6 
(CDC13) 3.3(3H,s); 7.7-7-9(4H,m); 8.4(4H,dd,J 8Hz and 1 Hz). 

lo-Methylphenoxathiinlum fluoroborate (8) - crystals, mp 201-203°C 
(acetone/ether), 67% yield (Found C, 51.58; H,3.79; S,10.76%.C13HllBF4S0 
requires C, 51.56; H,3.64; S,10.60%). ~,,,(nu301) 1450, 1270, 1070,1030, 
880 and 770 cm -l; 6 (CDC13) 3.25(3H,s); 7.6(4H,m); 7.85(2H,m); 8.2(2H,dd, 
J 8Hz and 1 Hz). 

2-Dodecyl-lo-methylphenoxathllnlum fluoroborate (ll)- solld, mp 59- 
61°C, 70% yield (Found C,63.64; H,7.60; S,6.64%. C25H35BF4f; requires 
c,63.83; H,7.45; s,6.81%). qmax(KBr) 2920,146O and 1050 cm i 6 (CDC13) 
0.8(3H,m); 1.2(18H,m); 1.6(2H,m); 2.75(2H,m); 3.2(3H,s); 7.5-7.6(4H,m); 
7.8-8.2(3H,m) 

5-Methyl-2,3,7,8-tetramethoxythianthrenium fluoroborate(l3)-crystals 
mp 257-259OC (acetone/ether), 72% yield (Found C,46.53; H,4.35;5,14.51%. 

C17H19BF404S2 requires C,46.58; H,4.34; S,14.61%). >,,,(KBr) 1490,1260, 
1220,1050, and 1020 cm-'; s (CDC13) 3_2(3H,s); 4.0(6H,s); 4.05 (~H,s); 
7.2(2H,s); 7.8(2H,s). 

Transmethylation Reactions. General Procedure - A mixture of the 
methylsulfonium fluoroborate (1 molar equivalent), 2-methyl-2-octene(l.5 

eq.), 2,6-dl-&-butylpyridine (1.2 eq.) and the reference n-undecane (0.2 
eq.) was heated for 48 h at 160-175°C in a sealed tube. The products were 
then analysed by capillary g.c. (Inltlal temperature of the column 5o"c, 
rate of temperature increase 3OC/mln). Under these conditions the mono- 
methylated oleflns had retention times of 7.05, 7.26, 7.46 and 8.68 min, 
and the dlmethylated octenes of 9.39 and 9.47 minutes. 

The total yields of transmethylation for all sulfonlum salts prepay 

ed are listed in Tables 1 and 2. 

Benzyldiphenylsulfonlum fluoroborate (14) - To a stirred solution 
of HBF4. Et20 (5g, 30.9 mmol, 4.3ml) In CH2C12 (5 ml), cooled at 5-10°C, 
was added dry Ag2C03 l6 (3.4 g, 12.3 mmol). When the CO2 evolution had 
subsided, a solution of dlphenylsulflde (4 g, 21.5 mmol) In CH2C12(5 ml) 
was added, and then benzyl bromide (6.8 g, 40 mmol, 4.8 ml) In CH2C12(10 
ml). The mixture was stirred at 25'C for lo-12 h. It was then filtered 
and the preclpltated AgBr washed with dlchloromethane. The filtrate was 
then evaporated and the oily residue washed with pentane and then scratch 
ed with ether until the crude product solldlfled. The fluoroborate was 
purlfled by redlssolutlon In dlchloromethane, flltratlon and reprecipi- 
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tatlon by the addltlon of ether. Yield 5.7 g (78%), mp 99OC, mp llt. 17 

102.5OC . 

Thermal Decomposltlon of Benzyldiphenylsulfonlum Fluoroborate (14) 
In a stoppered round-bottomed flask the salt (14) (1 g) was heated at 
90°C for 4 h, the flask being occasionally opened to release pressure. 
The resulting vxcous mass was extracted with ether and the ethereal 
extract evaporated to grve an 011~ residue which weighed 480 mg. Gas 
chromatographlc analysis of the 011 showed that the mixture conslsted of 
dlphenylsulflde and other heavier products, with no traces of benzyl 
fluoride. 

The 011 was then separated into three fractions by flash chromato- 
graphy using pentane as eluent, and each fraction separated into 1ts 

malor components by preparative h.p.l.c., using n-octane as eluent. The 
three malor products detected in the gas chromatograph were thus ldentl - 
fled by their mass and pmr spectra as the three lsomerlc benzyldlphenyl 
sulfides: 2-benzyldlphenylsulfIde, tr = 6.54 min; 6 (CDC13) 4.1(2H,s); 
7.2-7.4(14H,m). M/e 276, 197(ma]or, C13HgS+*, dlbenzopyryllum radical 

cation), 165 (C13Hg+', fluorenlum radical cation), 152 (C12H8+*),91 and 
77. 3-BenzyldlphenylsulfIde, tr= 7.96 min; 5 (CDC13) 4.2(2H,s); 7.2- 

7.4(14H,m). M/e 276 (major), 199 CM+' - C6H5), 167 (M+' - C6H5S), 165, 
152, 91 and 77. 4-Benzyldlphenylsulfide, tr= 9.52 min ; 8 (CDC13) 4.0 

(2H,s); 7.2-7.4(14H,m). M/e 276, 199, 167, 165(malor), 152, 91 and 77. 
In addltlon , a heavier fraction was isolated, which consisted of 

a mixture of products of dlbenzylatlon of dlphenylsulflde, as shown by 
Its mass spectrum, m/e 366, 275 (M+' - C6H5CH2), 167, 165(ma]or) and 91. 
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